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Abstract

With the development of the Internet, the technology of location fingerprint is widely used
because of the advantage in indoor positioning performance of complex environment. K
neighbor algorithm based on signal strength is a common position fingerprint matching
algorithm. This paper firstly introduces the KNN fingerprint localization algorithm, and points
out the deficiency of the algorithm. Then on the basis of the algorithm, correction K neighbor
algorithm is put forward through improved the calculation of Euclidean distance. The
simulation results show that the improved correction algorithm can achieve good location
accuracy compared to traditional KNN algorithm.
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1. Introduction

In recent years, the global positioning system (GPS) [1] and the technology of cellular wireless
location has been able to provide a more accurate location service outdoors, and has been applied in
many fields such as military, traffic, surveying and mapping. Compared with the outdoor
environment, indoor environment is relatively complex, and are more susceptible to interference
from the building and the multipath phenomenon because of indoor signal reflection, diffraction,
refraction and scattering. The existing positioning technology can't meet the demand of relatively
accurate positioning indoor. Therefore, looking for a kind of wireless positioning system which has
high precision and good stability become urgent needs in the field of indoor positioning, and the
localization algorithm is the key to solve this problem.

Compared with the traditional TOA [3], TDOA [4] and AOA location algorithm, indoor positioning
algorithm based on the received signal strength [2] (RSS) don't need to change the hardware
equipment, and can realize positioning only by using the existing wireless network resources, so it
reduces the cost, and is widely studied. At present, the indoor location based on RSS include locating
method based on signal transmission loss model and positioning method based on the position
fingerprint. Signal transmission loss method usually depends on that the signal transmission loss in
free space is inversely proportional to the square of the distance, because both the influence of the
multipath effect and the dependence of the signal propagation model make its accuracy restricted.
The location fingerprint positioning technique depends on identifying the signal characteristics of the
target location, using the differences of each point signal to realize the localization. So the second
method is less affected on the positioning accuracy in the complex indoor environment. However,
complex and changeful of indoor environment itself will lead to the volatility of signal strength value
as well as the external factors, so we must consider the effective filtering of signal value and quick
screening method of processing position fingerprint data from a database to improve the indoor
positioning algorithm, so as to improve the accuracy of positioning.

In the traditional fingerprint location algorithm, we would get the final positioning result through by
fingerprint matching or mapping using RSS value of the reference nodes. At present, the common
fingerprint localization algorithm basically has: the nearest neighbor method (NN), K neighbor
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method (KNN), K weighted neighbor method, naive bayes algorithm. This paper bases on KNN
algorithm to improve the research.

2. Modified Algorithm

2.1 KNN Algorithm

KNN algorithm improve the reference node number of positioning comparing with the nearest
neighbor method. Nearest neighbor method choose the reference position which is the most similar to
a locating node at the signal strength vector as the estimate position of the locating position. However,
it is not feasible in practice due to the decision in the location node is too large and density
requirement of fingerprint acquisition will be very high. The KNN algorithm make up for it by
selecting K (K > 2) fingerprint data as locate reference points. Through calculating and sorting
euclidean distance, the K fingerprint data with minimum characterize the general region of the
locating position.

Suppose there are n wireless access points (AP) and m reference points (RP) in positioning area. In
the offline phase, as shown in Fig. 1, we collect signals in each RP from different AP and preprocess
them to establish a fingerprint database. In the positioning stage, we firstly get signal information of
positioning node, namely, {(x,y)(rss1,rss2,...rssn)}, then use KNN algorithm to match RPs.
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Fig.1 The establishment of the fingerprint database
The Euclidean distance between location node and the reference points could be defined as:

ZJi(R i=Sy) 1)

Wherei=1, 2,.. m,j=1,.., n. Rjis the average signal strength namely fingerprint information which
location node receives from APj. Sij is the fingerprint information in the ith reference point from AP;j.
So we can obtain k reference position which have the minimum value of Euclidean distance by
calculating and sorting d;.

(%)= 3 (%) 2)
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(xi Y )is the coordinates of the ith RP. So we can calculate the estimated position of locating point

by type (2).

A key factor affected the accuracy of positioning in KNN algorithm is to select the reasonable value
of K. This value also relates to the density of fingerprint acquisition, we can get it through several
experiments. However, the largest shortage of KNN algorithm is lacking in distinguishing the weight
of fingerprint, because the contribution of each RP to the anchor point is different and the impact on
matching fingerprints is not the same. Against the above, this paper introduces weighted processing
the standard deviation of signal strength to improve the location method and puts forward modified
KNN algorithm.

2.2 Modified KNN Algorithm.

Because of the complexity of the indoor environment, the received signal strength is not stable even
at the same position of different time, and the instability of signal is instantiated in the fluctuation of
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signal value. Considering this factor, Modified KNN algorithm introduces standard deviation of
signal strength when calculating Euclidean distance, and then give a weight to each of the K
fingerprints according to the improved Euclidean distance, finally estimate the location of anchor
point using K weighted location.

The improved Euclidean distance can be defined as:

sz( i~Si|+os) )
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Wherei=1,2,..m,j=1,..,n,p=12,.N. N is the total number of measurements at each position. Ry;
is the pth signal measurement from AP; at locating position. o is the standard deviation of RSS at

anchor point.

According to the calculation results of di' , We can sort them and select K minimum points, and then

set right weight to K points on the basis of the size of the di' value. The smaller Euclidean distance

indicates the greater similarity between the reference point and positioning point, so we should
allocate a larger weight, otherwise a smaller weight.

So the location of locating position (x, y) can be calculated using modified KNN algorithm as follows:
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Where i = 1, 2,...k. (x,y,) represents position coordinates of the ith RP from K nearest reference
point. yy. is the weight of the ith RP. Its computation formula is as follows:

()

1
W= (6)
d,
Judging from this, the above method could improve the indoor positioning accuracy compared with
the traditional KNN method.

3. Simulation Results And Algorithm Analysis

For evaluating the performance of modified algorithm, this section use Matlab to simulate and
analysis. Simulation area diagram is shown in Fig.2. the simulation area has 20 m * 15 m, which
contains 100 reference position (2*1.5 m? ), and sets six wireless access point AP(randomly placed).

15

TN

il (KD
(]
]
+

; i f i i i ; ;
o 2 4 8 10 12 14 16 18 20
XFH KD

Fig.2 The simulation area

To verify that the improved Euclidean distance is better than the traditional Euclidean distance, let us
contrast two data collections at the two same positions, as is shown in Table 1.
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Table 1. Two sets of Euclidean distance comparation

Rss_Avgl Rss_Avg2 Rss_Avgl Rss_Avg2

AP1 -89 -87 -88 -87

AP2 -75 -75 -74 -75

AP3 =77 -78 -78 -78

AP4 -83 -81 -80 -81

AP5 -74 -75 -74 -74

AP6 -85 -90 -84 -89
Traditional 17.76 17.73
Improved 17.87 17.75

In this table, rss_avgl and rss_avg2 respectively are the average signal strength of two positions, the
last two lines respectively express Euclidean distance of two methods. From Table 1, we can see the
fluctuation of first data set is larger. It illustrates that the improved Euclidean distance is bigger along
with the greater volatility. Accordingly, the weight will be smaller.

In locating phase, we respectively use KNN algorithm and modified KNN algorithm to match the
fingerprint database. The positioning accuracy of both methods are related to the selection of K value,
as is shown in Fig.3. The error of two algorithm decreases with the increase of K value, and the
positioning error of modified KNN algorithm is obvious smaller than the traditional KNN algorithm.
So it is that modified KNN algorithm is obviously better than KNN algorithm.
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Fig.3 The positioning error statistics

4. Conclusion

This paper firstly introduces the KNN algorithm, and then on its basis put forward the modified KNN
algorithm through introducing the standard deviation of signal strength. Next, simulation analysis
was carried on. The experimental results show that the modified KNN algorithm further improve the
precision of positioning. But deficiency is that the workload to establish a fingerprint database is too
heavy in offline stage. So how to balance the fingerprint integrity and great work or finding a
fingerprint automatic measurement method, is research content on next stage.
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